Background-Sensitivity to mold has been associated with asthma incidence, persistence, and severity.
INTRODUCTION
Asthma is a significant cause of morbidity and mortality for an estimated 9 million children in the United States. 1, 2 The relationship between allergy and asthma in children is well established. [3] [4] [5] [6] Among children with asthma, the rate of skin test reactivity (STR) to one or more allergens has been reported to be as high as 80%. 7 One allergen with emerging interest in its relationship to asthma is the spore-forming saprophyte Alternaria alternata. STR to Alternaria has been associated with both the development and persistence of asthma symptoms. 3, [7] [8] [9] [10] [11] [12] [13] [14] Alternaria STR has also been associated with greater asthma severity, acute asthma exacerbations, and hospital and intensive care unit (ICU) admissions for asthma in adults and children, 9, [15] [16] [17] [18] [19] [20] an observation possibly linked to the Alternaria-induced heightened airway responsiveness reported in children. 9, 21, 22 The relationship between Alternaria STR and ethnicity in children with asthma is incompletely understood. An increased prevalence of Alternaria STR in children of Hispanic and African American ethnicities has been reported. 21 This result is consistent with increased prevalence of STR to other commonly tested allergens in minority children. 21, [23] [24] [25] [26] [27] In Connecticut, Puerto Rican and African American children have both increased STR to environmental allergens 24 and greater asthma severity compared with nonHispanic white children. [28] [29] [30] [31] In this study, we examined the relationship among Alternaria STR, ethnicity, and asthma severity in a group of 914 ethnically diverse children in Connecticut. In addition, we investigated the relationship between Alternaria STR and pulmonary function in a subset of 56 children matched by age, sex, and ethnicity with and without Alternaria STR.
METHODS

Study Population
The study population included children with physician-diagnosed asthma who were referred for allergy skin testing (AST) between June 1, 1998, and December 1, 2007, as part of the previously described Easy Breathing Program. 31, 32 All children had current respiratory symptoms (defined as cough, wheezing, and/or shortness of breath within the previous 12 months). Asthma severity was classified by the child's physician as intermittent and mild, moderate, or severe persistent asthma using a validated set of questions 33 following the guidelines of the National Asthma Education and Prevention Program. Surveys were completed by the parents of participants in Easy Breathing and included questions regarding demographics (age, ethnicity, sex, insurance), family history of asthma and allergic symptoms, environmental exposures (environmental tobacco smoke, pets, firewood, cockroaches, gas stoves, dust), and history of eczema. Ethnicity was self-reported and for this study is reported as non-Hispanic white, Puerto Rican, or African American.
Spirometry was performed in a subset of the study participants on referral from their physician. Children with STR to Alternaria were matched to other children without Alternaria STR on the basis of age, sex, ethnicity, asthma severity, and total number of positive allergen skin test results. Spirometry testing was conducted using the ndd EasyOne (Andover, Massachusetts) spirometer. All testing was performed by trained individuals and followed American Thoracic Society guidelines for quality and reproducibility. 34 Spirometry was performed before and 15 to 20 minutes after inhalation of albuterol (180 μg with spacer). Predicted values for spirometric measures were determined using the Third National Health and Nutrition Examination Survey values. 35 
Allergy Skin Testing
AST was performed using the MultiTest device (Lincoln Diagnostics, Decatur, Illinois). Fourteen common, local allergens were tested, including mold mix (Alternaria, mixed Aspergillus, Cladosporium sphaerospermum, and mixed Penicillium), Penicillium, Alternaria, mixed tree pollen, dust mix, mixed grass pollen, mugwort/sage, ragweed, cockroach (Blattella germanica), dog dander, cat dander, mouse, house dust mite (Dermatophagoides pteronyssinus and Dermatophagoides farinae), and weed mix (AlkAbello, Round Rock, Texas). Histamine and saline solutions were used as positive and negative controls, respectively. A result for a specific allergen was considered positive if the maximum wheal diameter was at least 3 mm after subtraction of the negative control. In this study, the category of "any mold" includes children who tested positive to at least one of the individual or die mixed molds included in the AST panel.
Statistical Analyses
Univariate analyses among ordinal and nominal predictors and outcomes were performed using the Pearson χ 2 tests. The Fisher exact test was used when cell sizes were small (<5). The Student t tests and analysis of variance analyses were used to assess relationships among continuous variables. Because some categories of data were sparse, we used exact logistic regression for multivariate models. 36, 37 This method computes the exact distributions of sufficient statistics for parameters of interest in a logistic regression model, conditional on the remaining parameters. The usual asymptotic methods often produce unreliable results when data are sparse or skewed. However, exact conditional inference produces valid results in these situations. Asthma severity was examined in 2 ways in multivariate models. First, severe persistent asthma was compared with asthma of all other severities. Exact multivariate logistic regression was used to model the relationship between the variables of interest and severe, persistent asthma (compared with all other severities), and exact odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. Second, all asthma severities were retained and cumulative logit models were used to examine whether allergen STR was predictive of increasing asthma severity. Paired t tests were used to compare pulmonary function data in the subset of matched children. Statistical analyses were performed using JMP statistical software version 7.0 and SAS version 9.2 Statistical Software Package (SAS institute Inc. Cary, North Carolina).
RESULTS
Characteristics of the Study Population
Between June 1, 1998, and December 1, 2007, 1, 149 children with physician-confirmed asthma underwent AST, of whom 914 were younger than 18 years and Puerto Rican, African American, or non-Hispanic white (Fig 1) . Of the 914 children, 66% were Puerto Rican, 22% were African American, and 12% were non-Hispanic white (Table 1) . Puerto Rican children referred for AST were older, more likely to have Medicaid insurance, and more likely to have a family history of asthma or allergic disease compared with African American or non-Hispanic white children. They were also less likely to have a personal history of eczema than African American children. To address the potential for these differences to affect later results, age, ethnicity, sex, and personal history of eczema were included in subsequent multivariate analyses. Seventy percent of referred children had persistent asthma. There was no difference in asthma severity among Puerto Rican, African American, and non-Hispanic white children who were referred for AST.
Environmental Exposures
Reported environmental exposures differed among the ethnic groups. Non-Hispanic white children were less likely than both Puerto Rican and African American children to report exposure to cockroach (P < .001 and P <.001, respectively) and gas stoves (P < .001 and P = .04, respectively). They were also more likely than both Puerto Rican and African American children to report exposure to firewood (P < .001 and P < .001, respectively), cats (P < .001 and P < .001, respectively), and dogs (P < .001 and P < .001, respectively). There was no difference in reported exposure to dust (P = .45 and P = .64, respectively). Thirtyfour percent of study participants reported exposure to environmental tobacco smoke, with no difference among the ethnic groups (P = .43). In univariate analyses, there was no association between STR to any of the molds in the AST panel and any of the environmental exposures studied. For this reason, none of these variables were included in subsequent multivariate analyses.
AST Reactivity
Sixty-nine percent of children with asthma demonstrated STR to one or more of the tested allergens (Table 1) . Among the children with STR to at least one allergen, the mean (SD) number of positive skin test results was 3.6 (2.2). There was no difference in the mean number of positive skin test results among Puerto Rican, African American, and nonHispanic white children (P = .27). However, fewer Puerto Rican children (65%) had a positive skin test result to at least one allergen compared with African American (73%) (P = .04) and non-Hispanic white children (80%) (P = .002).
Mold STR, Age, and Ethnicity
A total of 126 study participants (14%) had STR to one or more of the molds included in the AST panel (Table 1 ). In the univariate analysis (Table 2) , there was no association between Alternaria STR and ethnicity. In contrast, non-Hispanic white children were more likely than Puerto Rican children to have STR to any mold and more likely than both Puerto Rican and African American children to have STR to mold mix. Non-Hispanic white children were also more likely to be sensitized to cat and less likely to be sensitized to cockroach than both African American and Puerto Rican children. Penicillium STR was more common among African American children than non-Hispanic white children (P = .004). Dust mite sensitization was high in all ethnic groups, but there were no differences in rates of sensitization among Puerto Rican, African American, and non-Hispanic white children.
Children younger than 6 years were more likely to have STR to all of the molds than older children. In contrast, older children were more likely to have STR to cockroach and dust mite than children younger than 6 years ( Table 2) . Children 12 to 18 years of age were also more likely to have STR to dog. There were no significant differences in STR to cat by age.
Mold STR and Asthma Severity
In the univariate analysis, children with severe, persistent asthma were 3 times as likely to have STR to Alternaria, cat, and dog and twice as likely to have STR to cockroach compared with children with intermittent asthma (Table 2) .
In multivariate models predicting increased asthma severity and controlling for age, ethnicity, and personal history of eczema, STR to molds was not predictive of increased asthma severity. In contrast, STR to cat (P = .01), dog (P = .02), and cockroach (P = .04) was predictive of increased asthma severity. In other multivariate models that predicted severe persistent asthma compared with all other severities, however, STR to Alternaria, cat, and dog was highly associated with severe persistent asthma ( Table 3 ). The total number of positive skin test results was not associated with either increasing severity (P = .08) or severe persistent asthma (P = .30).
In a final backward selection model that predicted severe persistent asthma compared with all other severities and contained STR to Alternaria, cat, and dog, and controlled for age, sex, ethnicity, and history of eczema, a positive allergen skin test result to cat (OR, 2.3; 95% CI, 1.2-4.2; P = .009), Alternaria (OR, 2.6; 95% CI, 1.1-6.4; P = .04), and age older than 6 years (P = .01) was predictive of severe persistent asthma, suggesting a contributing role for each of these factors in severe asthma.
Pulmonary Function Testing
Spirometry was performed in 167 of the study participants, of whom 32 had a STR to Alternaria. Of these children with a positive skin test result to Alternaria, 28 were matched to 28 other children without Alternaria STR on the basis of age, sex, ethnicity, asthma severity, and total number of positive allergen skin test results (Table 4) . There was no difference in pulmonary function test results for children with asthma and Alternaria STR compared with children with asthma without Alternaria STR when controlling for the number of positive AST results, asthma severity, age, sex, and ethnicity.
DISCUSSION
Alternaria alternata is one of the most common airborne fungi in outdoor and indoor environments. Considered an acroallergen, Alternaria spores are thought to be more antigenic than pollen because of their smaller size, their high levels, especially in late summer and after thunderstorms and high winds, and their ability (in mice) to produce potent T H 2 adjuvant effects in the airway. [38] [39] [40] In this ethnically diverse group of children with asthma who reside in New England, however, Alternaria STR was not common. The number of children with Alternaria STR did not vary by ethnicity or age. A positive skin test result to Alternaria was not associated with increasing asthma severity, although children with severe persistent asthma were more likely to have a positive skin test result to Alternaria compared with children with asthma of other severities. This is the first study, to our knowledge, to demonstrate an association between severe persistent asthma and a positive skin test result to Alternaria in a minority pediatric population and in a population that was not selected on the basis of medical services utilization and, in particular, ICU admission. In contrast, STR to cat, dog, and cockroach was associated with both increased asthma severity and severe persistent asthma. In a subset of children in whom pulmonary function testing was available, Alternaria STR was not associated with decreases in pulmonary function when children were matched for the number of positive AST results. The number of children with Alternaria STR and severe persistent asthma who underwent pulmonary function testing was small, and it is possible that such a relationship might have been missed.
Our low rate of Alternaria STR is in contrast to rates reported by others, ranging from 9.4% to 46%. 3, 7, 12, [21] [22] 26, [41] [42] [43] Differences in study demographics and geographic location may explain these differences and have been demonstrated among inner-city children. 21, 42 In warm, dry climates, such as the semiarid climate in Arizona, Alternaria STR in children is very high, 12 whereas considerably lower rates have been found in wet cool climates such as costal areas. 9 Thus, the cool, wet New England climate that favors dust mite growth and subsequent sensitization may explain our low rates of Alternaria STR in children. Low rates of Alternaria STR have been reported in individuals with high rates of dust mite sensitization, as was observed in our study.
Our results suggest that Alternaria STR does not explain the previously reported ethnic differences in asthma severity, [28] [29] [30] even though several population studies in adults have shown that sensitization to Alternaria is associated with an increase risk of having asthma and with severe episodes of asthma requiring admission to the ICU. An increased risk of sensitization to indoor and outdoor allergens in Puerto Rican and African American children with asthma has been demonstrated in other populations, and African American and Puerto Rican children in this study also demonstrated high rates of sensitization to indoor allergens, such as cockroach and dust mite but not to mold, 8, 21, 24 suggesting that these are more important factors in these children.
Ethnic differences in rates of Alternaria sensitization have been reported in the National
Health and Nutrition Examination Study in which African American children, in contrast to Mexican American children, had higher odds of sensitivity to Alternaria than white children. No study, to our knowledge, has reported Alternaria STR rates in Puerto Rican children, although rates in Hispanics from South America and Mexican Americans were high. 12, 44 Despite the low overall rate of sensitization to Alternaria, results from this study demonstrate an association between severe, persistent asthma and Alternaria STR and are consistent with previous work in both adults 16, 18, 20 and children. 9, 15 Thus, sensitization to Alternaria could be a marker for severe persistent asthma as defined by the National Asthma Education and Prevention Program 45 and a risk factor for death or ICU admission. Alternatively, it may be a marker for increased atopy because sensitization to Alternaria seldom occurred alone but was often associated with multiple positive skin test results. In a multivariate model with both Alternaria and total number of positive skin test results, however, only Alternaria was predictive of severe persistent asthma.
There are several limitations to our study. The small number of positive Alternaria skin test results and the small number of children in whom spirometry testing was performed may have made it more difficult to detect potentially significant relationships. It is unlikely that differences in atopy alone explain this difference because the overall rate of atopy observed in our study participants is consistent with these other studies. More likely, the low prevalence of Alternaria STR in this study represents geographic or possibly ethnic differences in allergen sensitivity among our study population. 42 Another limitation of our study is its cross-sectional design. This design allows us to determine associations among variables examined but not cause-and-effect relationships. In addition, a selection bias may exist in regard to children referred for AST. Our referral pattern, however, is consistent with the demographics of the greater Hartford, Connecticut region. Finally, many allergens, including Alternaria, show a seasonal pattern of distribution. 10, 46 It is possible that this seasonal distribution of Alternaria may have affected AST results.
In summary, STR to mold and Alternaria was not common among children in Connecticut. In this population, there was no association between ethnicity and Alternaria STR. STR to Alternaria was associated with severe persistent asthma in a multivariate analysis. Our data suggest that Alternaria STR is unlikely a major contributor to increasing asthma severity and ethnic differences in asthma severity in this population but may be a marker for children at risk for severe, persistent asthma. Flow diagram of study population referred for allergy skin testing. Table 1 Characteristics of the Study Participants a 313 (52) 107 (54) 483 (53) . 197 (33) 72 (37) 325 (36) .002 Dog 18 (16) 65 (11) 20 (10) 103 (11) .22
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